Anterior pituitaries were removed from female rats at various stages during the estrous cycle and FSH was fractionated by isoelectric focusing (IEF). Fourteen FSH components were observed during the estrous cycle and twelve of them were distributed between pH 3.71 and 6.66. IEF profiles of FSH in the pituitaries varied with the stage in the estrous cycle. Especially at the time of serum FSH surge on the day of proestrus, most of the components decreased, while only a highly alkaline component showed an increase. When these FSH components were separated and their nature was examined by radioreceptor assay (RRA), radioimmunoassay (RIA) and gel filtration, differences were observed among these components in the RRA/RIA, ratio and gel filtration profile.
a biphasic elution pattern and the most acidic one eluted the latest on gel of molecular size. The FSH concentration in sera collected at different stages in the estrous cycle was measured by both RRA and RIA. The RRA/RIA ratio was high when the serum immunoreactive FSH was low, and low during the FSH surge. From these findings, it is concluded that the quality of FSH molecules present in the anterior pituitary gland changes dynamically throughout the estrous cycle, especially during the period of serum FSH surge. Furthermore it is suggested that the type of FSH secreted from it also varies according to the stage in the estrous cycle.
Follicle-stimulating hormone (FSH) is known to exist in multiple forms in the anterior pituitary gland. Polymorphism of FSH in electrical charge has been demonstrated by a isoelectric focusing or chromatofocusing technique (Zaidi et al., 1981; Robertson et al. 1982 ; Ulloa-Aguirre and OZAWA AND WAKABAYASHI Blum et al., 1985) . dropped further on the day of diestrus II. Pituitary immunoreactive FSH abruptly declined at 1800 h on the day of proestrus coincidentally with the serum FSH surge. Thereafter pituitary FSH rapidly increased, but after 0300 h on the day of estrus, the rate of increase became slow. FSH reached its maximum at 1500 h on diestrus II.
Isoelectric focusing profiles of pituitary FSH during the estrous cycle
Isoelectric focusing profiles of pituitary FSH during the estrous cycle are shown in Figs. 2, 3 and 4. In the female rats, at least 14 FSH components were observed, the amounts of which fluctuated during the estrous cycle. At some stages, some components disappeared (e.g. components 1, 3 and 8). The isoelectric points (pIs) for these components are shown in Table 1 . As for components A and B, in a preliminary experiment, they showed a single peak with pI of 8.09 and 3.68, respectively, when applied on IEF in a different pH range. On the proestrous day, before the FSH surge, most of the components were apparent and acidic components below pH 4.2 (components, A-4) were predominant. At 1800h, simultaneously with the FSH surge, most of the components decreased to be trace amounts. On the other hand, only component B showed an increase at this time. This increase became eminent at 2100h and stayed on until 0600h of the estrous day. This phenomenon was specific for this period, since no increase in this component was observed at any other stage of the estrous cycle. Many other components started to increase from 2100h on the proestrous day and became obvious by 0300h on the estrous day. At 1500h on the estrous day, acidic components below pH 4.2 became predominant again. On days diestrus I and diestrus II, the second decrease followed by restoration was observed in the acidic region below pH 4.2, and the relative amounts of components 5 to 7 increased from 0900h on diestrus I to 1500h on diestrus II. In addition, at 1500h on diestrus II, when the pituitary FSH level was fully restored, and at the time of the pre-FSH surge (0900h) on the proestrous day, large amounts of components A, 2 and 4 were observed.
At several stages in the estrous cycle, IEF was repeated two or three times, and the IEF profiles were found to be reproducible.
The ratio of receptor binding to immunological reactivity of pituitary FSH components and serum FSH Eleven major components in the pituitary were separated and measured for FSH concentration simultaneously by RRA and RIA. The RRA/RIA ratios of these components are shown in Fig.5 .
The ratio became higher as the pI of the component became higher . FSH in serum samples collected at different stages of the estrous cycle were measured by both RRA and RIA.
The assay values and RRA/RIA ratios are presented in Table 2 . The RRA/RIA ratio of serum FSH differed according to the stage of the estrous cycle. The ratio was high at P 0900h and DII 0900h when the serum FSH level was very low, while it became FSH Components Gel filtration of the FSH components Fig. 6 . shows the elution profiles of the FSH components on gel filtration. The more acidic components were eluted earlier and thus appeared to be of larger molecular size (Fig. 6 a and b) . However, highly acidic components exhibited peculiar gel filtration profiles (Fig. 6 c) . Biphasic elution patterns were observed in components A, 2 and 4, indicating that these components included, at least, two kinds of FSH species which differed in molecular size. The position of their second peak corresponded to that where component B was eluted.
The first peak of component 2 was smaller and the second peak was greater than those of component 4. The first peak of component A was only a trace amount and the second peak was really the only noticeable peak.
Discussion
We confirmed the existence of multiple forms of FSH molecule in the anterior pituitary of female rats. Microheterogeneity of FSH has been demonstrated in the rat (Foulds and Robertson, 1983; Blum et al., 1985) , hamster (UlloaAguirre and Chappel, 1982), monkey (Chappel et al., 1984) and man (Zaidi et al., 1981) . Furthermore, it has been shown that the charge heterogeneity of FSH changes according to the sex, age and endocrine status (Robertson et al., 1982; Cameron and Chappel, 1985; Galle et al., 1983) .
In the present study, We observed a dynamic change in the electrofocusing procycle in female rats. These results agree with a previous report (Cameron and Chappel, 1985) . But, in previous studies, the observation was intermittent, so that the change in the profiles with the passage of time was not so clear. Our detailed examination revealed an interesting and dynamic change in the FSH isohormones. Our results demonstrated that the quality, as well as the quantity, of FSH molecule in the anterior pituitary changes during the estrous cycle. The most drastic change occurred at night on the proestrous day. Coincidentally with the FSH surge, the majority of the components were decreased and almost disappeared except for component B. This fact indicated that most of the components were released altogether from the anterior pituitary at the time of (Hattori et al., 1985) , it has been also suggested for FSH that the degree of sialylation on carbohydrate moieties is responsible for the charge heterogeneity, and that each FSH component differs in sialic acid content and the components with higher pIs contain less sialic acid (Chappel et al., 1982; UlloaAguirre et al., 1984; Blum et al., 1985) . We also confirmed that desialylation of native FSH components by neuraminidase treatment shifted their pIs, mainly to 9.33 (unpublished data). Hence, component B seems to be scarcely sialylated.
Although it is not clear whether this component is also released from the anterior pituitary like other components or released after the transition to other components by more sialylation, its increase in amount after FSH surge may reflect the biosynthetic process of the FSH isohormone.
On the other hand, highly acidic components, e.g. components A, 2 and 4 were predominant when the pituitary FSH level was very high, i.e. in the morning on the proestrous day and in the afternoon on diestrus II. These components may be a stored type of FSH and would be expected to contain numerous sialic acid moieties as a result of complete glycosylation , on the basis of the facts described above .
The differences were observed between FSH components in the RRA/RIA ratio and the profile on gel filtration . The more acidic components exhibited a lower ratio of receptor binding to immunological activity and larger molecular size. These results agree with previous reports (Ulloa-Aguirre et al., 1984; Foulds and Robertson , 1983; Blum et al., 1985) . Those and present studies suggest that sialic acid residue has an unfavorable effect on the binding of the FSH molecule with its receptor and that multiplicity in molecular size is also related to its sialic acid content. Furthermore, FSH isohormones with higher pI values possess more potent bioactivity (Miller et al., 1983) , suggesting that sialic acid may play a negative role in the biological action of FSH. However, sialic acid was shown to have the advantage that it elongates the half-life of glycoprotein in the circulation (Morell et al., 1971) . The more acidic FSH components have a longer plasma half-life and are abundantly present in serum (Blum and Gupta, 1985) . Our results on gel filtration of highly acidic components, i.e. components A, 2 and 4, were partly incompatible with those reports. If the heterogeneity in the charge and molecular size of FSH is exclusively dependent on its sialic acid content, these highly acidic components are expected to eluted earlier on gel filtration.
However, components 2 an 4 had biphasic elution patterns and component A was eluted at the same position as component B (Fig . 6c) . These results were probably not due to the dissociation of intact FSH into subunits, as they were eluted earlier than a subunit , nor due to the contamination of another component, since, when refocused, they exhibited a single peak with the same pI as they showed before. Therefore components 2 and 4 consist of at least two FSH subpopulations which are different in molecular size. Perhaps FSH molecules in the first peak of components 2 and 4 contain much sialic acid. On the other hand, in the second peak of those and component A, other negatively charged groups, which lower the pI without increasing the molecular size, may be involved.
Recently, two glycoprotein hormones, LH and TSH, were demonstrated to be sulfated in their carbohydrate moieties (Parsons and Pierce, 1980; Hortin et al., 1981; Bedi et al., 1982; Gesundheit et al., 1986) . Furthermore, the possibility was shown that human FSH may contain sulfate residue (Tolvo et al., 1982) .
It was speculated that this negatively charged residue might play a role analogous to that of sialic acid in the structure and function of glycoprotein hormones.
FSH molecules consisting of component A and the second peak of components 2 and 4, in this study, may possibly contain sulfate.
Receptor binding activity of FSH molecules in circulation also changed according to the stage in the estrous cycle. When serum FSH was at its basal level, the RRA/RIA ratio was high, but at the FSH surge it became low. In the anterior pituitary, highly acidic components became predominant prior to the surge and then most of the components were released at the time of the surge.
Therefore, low receptor binding activity of circulating FSH during the surge might be due to a greater population of highly acidic components which have lower potency. On the other hand, high receptor binding activity during the period with a low serum level suggested that the components with higher potency might be secreted from the pituitary in this state, and if we say on the basis of the RRA, that the serum FSH levels are considerably high on diestrus I, and even on diestrus II. This seems to be favorable for the growth and the maturation of the follicles for the next ovulation. But, so far, it is unknown which components are secreted in these stages. Besides, the mechanism of accumulation of the acidic components prior to the surge is not clear. Nevertheless, these results indicated that the type of FSH secreted, as well as the amount, is also controlled in accordance with the estrous cycle.
